Sex differences in fluid intake stimulated by angiotensin II (AngII) have been reported, but the direction of the differences is inconsistent. To resolve these discrepancies, we measured water intake by male and female rats given AngII. Males drank more than females, but when intake was normalized to body weight, the sex difference was reversed. Weight-matched males and females, however, had no difference in intake. Using a linear mixed model analysis, we found that intake was influenced by weight, sex, and AngII dose. We used linear regression to disentangle these effects further. Comparison of regression coefficients revealed sex and weight differences at high doses of AngII. Specifically, after 100 ng AngII, weight was a predictor of intake in males, but not in females. Next, we tested for differences in AngII-induced intake in male and females allowed to drink both water and saline. Again, males drank more water than females, but females showed a stronger preference for saline. Drinking microstructure analysis suggested that these differences were mediated by postingestive signals and more bottle switches by the females. Finally, we probed for differences in the expression of components of the renin-angiotensin system in the brains of males and females and found sex differences in several genes in discrete brain regions. These results provide new information to help understand key sex differences in ingestive behaviors, and highlight the need for additional research to understand baseline sex differences, particularly in light of the new NIH initiative to balance sex in biomedical research.
Introduction
The renin-angiotensin system (RAS) is a key component of fluid homeostasis. Under conditions of hypovolemia, a coordinated response of the RAS is initiated to preserve and restore body fluid (Daniels and Fluharty, 2009 ). The physiological aspects of this response include an increase in blood pressure mediated by the hormone angiotensin II (AngII) and a vasopressin-mediated decrease in urine output (Guyton and Hall, 2006) . In addition, aldosterone acts on the kidney to promote sodium retention (Guyton and Hall, 2006) . These physiological responses help the body maintain function in the face of reduced volume, but a behavioral response is needed to restore volume. Accordingly, in addition to these physiological responses, AngII increases drinking of both water and saline (Epstein et al., 1970; Fitzsimons and Simons, 1969; Hsiao et al., 1977) . Although the physiological and behavioral responses to hypovolemia have been well studied, many open questions remain, including questions about the effect of sex on the system. There are clear sex differences in both the physiological and behavioral responses to activation of the RAS. For example, AngII produces a stronger increase in blood pressure in males than it does in females (Tatchum-Talom et al., 2005; Xue et al., 2013) , an effect mediated by the ovarian hormone estradiol acting, at least in part, through estrogen receptor alpha (ERα) (Xue et al., 2005; Xue et al., 2007b) and by testosterone acting via androgen receptors (Xue et al., 2007a; Xue et al., 2005) . Fluid intake stimulated by AngII is also affected by sex, however, there are conflicting reports in the literature about the direction of this sex difference and many unanswered questions remain. For example, when hormones are experimentally manipulated, estradiol-primed OVX females were found to drink less than males (Jonklaas and Buggy, 1984) , but earlier studies reported that cycling females, in all stages of the estrous cycle, drank more than males (Kaufman, 1980; Vijande et al., 1978) . Finally, others have reported no sex difference in fluid intake after AngII treatment (Sun et al., 1996) . The reason for the apparent discrepancy is not clear and the lack of an effect in some studies is surprising given the well documented effects estrogens have on inhibiting AngII-stimulated fluid intake (Curtis, 2009; Krause et al., 2003; Daniels, 2015a, 2015b; Santollo et al., 2016) . Because females have higher levels of circulating estrogens than males, and estrogens tonically inhibit fluid intake (Jarrar et al., 2000; Overpeck et Hormones and Behavior 93 (2017) 128-136 al., 1978; Tarttelin and Gorski, 1971) , it is reasonable to predict that AngII-stimulated fluid intake would be greater in males than females, and difficult to reconcile the discrepancy in the literature.
Several issues could contribute to the discrepancies in literature about the previously reported sex differences (or lack of differences) in AngII-stimulated fluid intake. For instance, some of these studies normalized fluid intake to body weight (Kaufman, 1980; Sun et al., 1996) , but males have greater body mass and it is unknown if, and to what degree, this contributes to the observed sex difference. Furthermore, the earlier studies used single doses of AngII; therefore, it is unclear if differences would be revealed if other parts of a dose-response curve were tested. Finally, these studies only measured total fluid intake without any attention given to drinking patterns that could be different, without affecting total fluid consumption. This is a potentially important oversight because studies of drinking microstructure can reveal differences and suggest more details about the nature of such differences. Accordingly, we conducted a set of experiments designed to examine how each of these issues influence AngII-stimulated drinking in males and females.
The studies in this report tested the overarching hypothesis that fluid intake stimulated by AngII differs between males and females. To this end, we measured the drinking response after injection of a range of doses of AngII in male and estrous female rats, and also investigated the role of body weight in water intake. We limited our testing to male rats and female rats in estrus to focus on a time in the cycle during which estrogens influence intake (Danielsen and Buggy, 1980) . Furthermore, earlier studies found that female rats, either in estrus or diestrus, drank more than did male rats, obviating the need to include both estrus and diestrus females the present study design (Vijande et al., 1978) . Because AngII stimulates saline intake in addition to water intake (Daniels and Fluharty, 2009 ), we performed additional experiments using twobottle tests to measure the dose-response relationship between AngII and intake when both water and saline were available. Moreover, we analyzed drinking microstructure to help identify mechanism(s) by which sex influences intake. Finally, we probed for differences in a number of RAS-relevant genes in females and age-and body weightmatched males in multiple areas of the brain involved in controlling fluid intake and blood pressure.
Methods

Animals and housing
Male and female Sprague Dawley rats (Envigo Laboratories, Indianapolis, IN) were used in all of the studies described. For behavioral experiments (Experiments 1 and 2), rats were singly housed in hanging wire-mesh stainless steel cages with ad libitum access to food (Teklad 2018; Harlan Laboratories) and tap water unless otherwise noted. Rats in 2-bottle intake tests (Experiments 2) had access to an additional bottle containing a 1.5% saline solution. Rats in Experiment 3 were singly housed in standard plastic cages with ad libitum access to food and tap water. Body weight was monitored daily. Vaginal cytology was monitored daily as previous described (Becker et al., 2005; Santollo and Eckel, 2008) and cycle stage corresponded to a 12 h dark phase and the following 12 h light phase (i.e., estrous included the 12 h dark phase during which time females are sexually receptive and decrease ingestive behaviors along with the following 12 h light phase). All testing occurred in the rats' home cages during the early part of the light phase. Males and females were housed in separate colony rooms but testing occurred during the same timeframe. The temperature-and humidity-controlled colony rooms were maintained on a 12:12 h lightdark cycle (lights on at 0800 h). All experimental protocols were approved by the Animal Care and Use Committee at the University of Buffalo, and the handling and care of the animals was in accordance with the National Institute of Health Guide for the Care and Use of Laboratory Animals.
Surgery
All animals underwent stereotaxic surgery to implant a chronic cannula aimed at the right lateral ventricle following standard laboratory procedures. Briefly, rats were anesthetized with an injection of a ketamine [i.m., 75 mg/kg (males), 80 mg/kg (females); Fort Dodge Animal Health, Fort Dodge, IA] and xylazine [i.m., 5 mg/kg (males), 4.5 mg/kg (females); Akron Inc., Decatur, Il]. The rat's head was shaved and secured into a stereotaxic frame. A small incision was made on top of the skull, a small hole was drilled, and a 26-gauge guide cannula was implanted using the following coordinates: 0.9 mm posterior and 1.4 mm lateral to bregma, and 2.8 mm ventral to the skull. The cannula was fixed to the skull with bone screws and dental cement. All rats received a single injection of carprofen (sc, 5 mg/kg; Pfizer Animal Health, New York, NY) after surgery to minimize pain and a single injection of isotonic saline (sc, 5 ml). One week later, accurate cannula placement was verified by measuring the drinking response to an injection of 10 ng AngII. Only rats that drank at least 6 ml in 20 min after AngII-treatment were included in the study.
Fluid intake measures
Total intake was calculated by weighing the water bottles before and after each test period. Licking behavior was measured using a contact lickometer (designed and constructed by the Psychology Electronics Shop, University of Pennsylvania, Philadelphia, PA) that recorded individual licks to allow for analysis of drinking microstructure. The lickometer interfaced with a computer using an integrated USB digital I/O device (National Instruments, Austin, TX). Home cages were affixed with an electrically isolated metal plate with a 3.175-mm-wide opening, through which the rat needed to lick to reach the drinking spout, minimizing the possibility of nontongue contact with the spout.
cDNA synthesis and RT-PCR
Real-time PCR was used to quantify AT1R, ACE1, ACE2, and renin mRNA levels in samples from the periventricular tissue surrounding the anteroventral third ventricle (AV3V), subfornical organ (SFO), paraventricular nucleus of the hypothalamus (PVN), nucleus of the solitary tract (NTS), and rostroventral lateral medulla (RVLM). DNA-free total RNA was purified using the E.Z.N.A. MicroElute Total RNA Kit (Omega Bio-Tek Inc, Norcross, GA), including a deoxyribonuclease step. Reverse transcription (RT) was performed with 500 ng of RNA using the iScript cDNA Synthesis Kit (Bio-Rad, Hercules, CA). Real-time PCR was carried out using SYBR GREEN gene master mix (Bio-Rad, Hercules, CA) according to the manufacturer's instructions. 18s was used as an internal control for quantification of mRNA. The primer sequences used are listed in Table 1. 2.5. Experiment 1. Does AngII-induced water intake vary as a function of body weight or sex?
Using a repeated measures, counterbalanced design, approximate age-matched (within 3 weeks of age) male and estrous female rats received intracerebral ventral (i.c.v.) injections of 0, 1, 10, 50, or 100 ng AngII dissolved in 1 μl tris buffered saline (TBS) every four to five (Danielsen and Buggy, 1980) , making this the most likely phase of the estrous cycle when differences between males and females could be observed.
2.6. Experiment 2. Do the patterns of water or saline intake after AngII vary as a function of sex?
Using a repeated measures, counterbalanced design, approximate age-matched (within 3 weeks of age) male and estrous female rats received 1-μl i.c.v. injections of 0, 1, 10, 50, or 100 ng AngII every four to five days. Water and 1.5% saline intake during the subsequent 2 h was monitored. Food was removed from the cages during the 2 h test period.
Experiment 3. Does central expression of RAS genes vary as a function of sex or body weight?
Estrous females and age-(135 day) and body weight-matched (245 g) male rats were anesthetized in the early part of the light cycle with exposure to 90s isoflurane and decapitated. Brains were immediately removed from the skull, flash frozen with 2-methyl-butane (Sigma-Aldrich, St. Louis, MO) and stored at − 80°C. The AV3V, SFO, PVN, NTS, and RVLM regions of the brain were obtained by sectioning 300 μm coronal sections on a cryostat and then taking four 1 mm punches from each brain region. Tissue punches were stored at − 80°C until processing for mRNA content by RT-PCR.
Data analysis
All data are presented as means ± SEM. Saline preferences was calculated by dividing the amount of saline consumed by the amount of total fluid consumed. Drinking microstructure analysis was processed in a MATLAB (MathWorks, Natick, MA) software environment before being ported to Excel (Microsoft, Redmond, WA) for final analysis. A burst was defined as at least two licks with an interlick interval (ILI) of no N1 s. Burst size was defined as the average number of licks within a burst. RT-PCR values were calculated using the ΔΔ CT quantification method with 18s as the normalizing housekeeping gene. Statistical analyses were performed using Statistica (StatSoft, Tulsa, OK). Water and saline intakes, water intake normalized to 100 g body weight, total fluid intake, and saline preference in Experiments 1 and 2 were analyzed using a two factor-mixed design ANOVA (Sex × Dose). Using linear mixed model analysis we compared a number of potential models which included, dose, body weight, sex and age, we began with a model containing all factorial interactions and systematically reduced the model to only main effects. Our best fit model was chosen by comparing Akaike's Information Criterions (AIC). Linear regressions were conducted to determine the relationship between body weight and sex for males and females after each dose of AngII and regression coefficients were compared to the null hypothesis that males and females are equal. T-tests were used to compare water intake in body weightmatched males and females in Experiment 1 and drinking microstructure in Experiment 2. In addition, a three factor ANOVA (Sex × Fluid × Time) was used to analyze water and saline intake across time in males and females in Experiment 2. Changes in mRNA were analyzed using one-way ANOVAs for each brain region. Newman Keuls post hoc tests were used throughout to determine individual group differences after significant main or interaction ANOVA effects. Cohen's d effect size was calculated using the Campbell Collaboration Effect Size Calculator and η 2 was calculated for all ANOVAs as the SS effect / (SS Total ).
Results
Experiment 1. Does AngII-induced water intake vary as a function of body weight or sex?
Dose-response curves to central treatment of AngII were generated for male and estrous female rats. Sex affected both water intake and water intake normalized to body weight. Analysis of water intake (Fig. 1A) was normalized to body weight females drank more than males (p b 0.05). When body-weight matched males (285.9 g ± 5.01) and estrous females [284.5 g ± 3.61; (t 16 = 0.24, p = n.s., d = 0.11)] were treated with 100 ng AngII, water intake did not differ between the groups, (t 16 = 0.92, p = n.s., d = 0.43; Fig. 1C ). These animals, as expected, significantly differed in age, males 76 ± 0 vs. females 182 ± 9.2 days (t 16 = 11.55, p b 0.001, d = 4.43). Using the data from Experiment 1, we ran a linear mixed model analysis to determine which variables were the best predictors of intake. The best fitting model (AIC 316.104) included body weight, sex, age, and dose as main effects and sex × dose, sex × body weight, dose × body weight, sex × dose × body weight interaction terms. Body weight (F 1,82 = 8.684, p b 0.05) and an interaction between sex and dose (F 2,82 = 3.193, p b 0.05) as significant predictors of intake. In this model main effects of sex (F 1,82 = 0.023, p = n.s.), age (F 1,82 = 3.795, p = n.s.), dose (F 2,82 = 0.809, p b n.s.) or interactions between sex and bodyweight (F 1,82 = 0.133, p = n.s.), dose and body weight (F 2,82 = 1.283, p = n.s.), or sex, dose and body weight (F 2,82 = 2.736, p = n.s.) were not predictive of intake. Next, we analyzed regressions between body weight and intake for each sex after treatment with 10, 50, and 100 ng AngII. Body weight was not predictive of water intake after 10 ng AngII-treatment in either males (r = 0.26, p = n.s.) or estrous females (r = 0.03, p = n.s.; Fig. 2A ), nor after 50 ng AngII-treatment in either males (r = 0.48, p = n.s.) or estrous females (r = 0.59, p = n.s.; Fig. 2B ). Body weight was predictive of water intake after 100 ng AngII-treatment in males (r = 0.72, p = 0.001), but not females (r = 0.001, p = n.s.; Fig. 2C ). Furthermore, comparison of the regression coefficients between body weight and intake after 100 ng AngII revealed a significant difference between males and females (beta = 0.034, p b 0.05).
To normalize water intake after 100 ng AngII in females to males we generated an equation to correct for the differences between sexes (Corrected Intake = (intake − difference at y intercept (9.28)) + (body weight × difference between slopes (0.03))). This equation allows us to control for differences in sensitivity to the drug across body weights in the different sexes. Analysis of the dose response curve to AngII-stimulated water intake with female intake normalized to males (Fig. 3) 3.2. Experiment 2. Do the patterns of water or saline intake after AngII vary as a function of sex?
AngII is also a potent stimulator of saline intake, therefore we also generated dose response curves to central treatment of AngII for male and estrous female rats with access to both water and 1.5% saline. Fig. 4B ). Regardless of sex, intake after treatment with 10 ng was higher than intake after 0 and 1 ng. Intake after treatment with 50 and 100 ng was higher than intake after 10 ng (p b 0.05). In addition, total fluid intake was affected by dose of AngII (F 4,64 = 99.14, p b 0.001, η 2 = 0.84), but did not vary as a function of sex (F 1,16 = 1.24, p b n.s., η 2 = 0.07), and a sex and dose interaction was not detected (F 4,64 = 2.47, p b n.s., η 2 = 0.02; Fig. 4C ). Similar to saline intake, regardless of sex, total intake after treatment with 10 ng was higher than intake after 0 and 1 ng. Intake after treatment with 50 and 100 ng was higher than intake after 10 ng (p b 0.05). Preference for saline was calculated and analysis of preference revealed a main effect of sex (F 1,16 = 4.80, p b 0.05, η 2 = 0.23), but not dose (F 4,64 = 0.86, p b n.s., η 2 = 0.05) or an interaction between sex and dose (F 4,64 = 0.28, p b n.s., η 2 = 0.02; Fig. 4D ). Regardless of the dose of AngII, females had a greater preference for 1.5% saline than males (p b 0.05).
To test for differences in drinking patterns between males and females, we performed microstructure analysis for the water and saline intakes after treatment with 10 ng AngII. We chose to analyze intake at this dose because Experiment 1 indicated that there was no Fig. 5D ). During the first two 5-min bins, males had more licks for water than for saline or than females had for either fluid (p b 0.05).
Experiment 3. Does central expression of RAS genes vary as a function of sex or body weight?
Quantitative real-time PCR was used to investigate baseline difference in central expression of genes involved in the RAS between females and age-and body weight-matched males (Table 2 ). In the AV3V, females had less ACE1 expression compared to age-matched males (F 2,15 = 4.93, p b 0.05, η 2 = 0.41) and in the PVN, age-matched males and females had more ACE1 expression compared to body-weight matched males (F 2,15 = 5.18, p b 0.05, η 2 = 0.41). In the PVN, females had less ACE2 expression compared to age-matched males (F 2,15 = 5.76, p b 0.05, η 2 = 0.43). In the NTS, females had less renin expression compared to both groups of males (F 2,15 = 5.77, p b 0.05, η 2 = 0.43). No other differences were detected that varied as a function of sex or body weight in these nuclei.
Discussion
Sex is an important biological variable that affects numerous physiological processes and behaviors. Unfortunately, there is an inadequate number of studies investigating the role of sex and the mechanisms which underlie these sex differences. For instance, sex critically affects RAS function (Fischer et al., 2002) , and studies of AngII-induced drinking can help provide insight into the mechanism of this effect. The results provided here demonstrated that females consumed less water than did males after all effective doses of AngII, resulting in different dose-response curves. The present studies also provide guidance about the need to consider a sex difference in body weight when interpreting fluid intake results. Our findings show that there is not a simple answer to this question. Specifically, we found that, under the conditions tested here, body weight was predictive of water intake only in males after large doses of AngII. We also replicated previous findings showing that females have a greater preference for saline Fig. 3 . Dose response curves for AngII after correcting 100 ng AngII intake for baseline differences. Males drank more water than did estrous females after treatment with 10, 50 and 100 ng AngII. *Greater than estrous females. Fig. 4 . Sex differences in water and 1.5% saline intake after AngII. (A) Males drank more water than estrous females after treatment with 10, 50 and 100 ng AngII. (B) There was no difference in 1.5% saline intake between males and estrous females after any dose of AngII. Regardless of sex, intake after treatment with 10 ng was higher than intake after 0 and 1 ng. Intake after treatment with 50 and 100 ng was higher than intake after 10 ng. (C) There was no difference in total fluid intake between males and estrous females after any dose of AngII. Again, regardless of sex, intake after treatment with 10 ng was higher than intake after 0 and 1 ng. Intake after treatment with 50 and 100 ng was higher than intake after 10 ng. (D) Regardless of AngII dose, estrous females showed a greater preference for 1.5% saline than males. *Greater than estrous females. +Greater than males. than do males (Flynn et al., 1993) and we extended this with data suggesting that postingestive feedback, as indicated by a change in burst number, and frequency of switching between the water and saline bottles contributed to the observed sex difference in AngII-stimulated fluid intake. Finally, we identified specific regions in the brain where enzymes involved in the conversion of AngII are affected by age and sex, identifying a possible locus involved in the protective effects that youth and being a female have on hypertension (Blenck et al., 2016; Writing Group et al., 2016) .
The sex difference in water intake after AngII-treatment differs depending on whether and how body weight has been accounted for. As early as 1929, Richter reported daily water intake to be greater in male, than in female rats (Richter and Brailey, 1929) . When, however, he normalized intake to body weight, the sex difference was lost. Conflicting findings on the direction of the sex difference for water intake stimulated by AngII-treatment have also been reported. When AngIIstimulated water intake, measured as uncorrected volume, was compared, estradiol-primed OVX females drank less than males (Jonklaas The number of bursts for water was greater in males than estrous females; however, there was no difference in the number of bursts for saline between the sexes. (C) Estrous females made more switches between the water and 1.5% saline bottles than did males. (D) Across the test period, the number of licks for water by males was greater than the number of licks for saline. The number of licks for water by males was also higher than the number of licks for water or for saline by females during the first two 5-min bins. *Less than males. +Greater than males. #Greater than all other groups. and Buggy, 1984), but others reported that cycling females drank more than males (Kaufman, 1980; Vijande et al., 1978) or have found no difference between sexes (Sun et al., 1996) . The present study could help reconcile this apparent inconsistency. Specifically, we replicated both of these findings, showing that when water intake was analyzed, without correcting for body weight, males consumed more than did estrous females. This occurred at all effective doses and therefore produced a different dose-response curve for males and females. When, however, we normalized the intake to body weight, the direction of the sex difference was reversed, revealing that females drank more than did males. We, therefore, compared intake in body weight-matched animals to control for body weight and found no differences in water intake when 285 g rats were tested, but they were also significantly different in age (2.5 months for males and 6 months for females). Because age affects many behaviors, including fluid intake (Thunhorst et al., 2010 (Thunhorst et al., , 2013 Thunhorst and Johnson, 2003) , we hypothesized that age, sex, and body weight affect AngII-stimulated water intake. Body weight is tightly related to age and sex. We, therefore, cannot disentangle the roles of sex, age and body weight experimentally. To address these factors statistically, we developed a linear mixed model containing all of these factors. Sex and dose of AngII, but not age, affected whether body weight predicted AngII-stimulated water intake. When we further examined these variables, we found that there was no relationship between body weight and water intake after 10 and 50 ng AngII. Body weight did, however, predict water intake after 100 ng AngII, but only in male rats. This is a novel, and interesting finding that leads to a number of questions including whether activational or organizational effects of gonadal hormones, or genes on the Y chromosome underlie this sex difference. A female brain is necessary for estrogen's anti-dipsogenic effect on AngII-induced water intake (Jonklaas and Buggy, 1985) . It is, therefore, likely that organizational effects in the brain mediate other sex differences in the drinking response to AngII. The other question that will require follow-up is why, in males, did body weight predict water intake after high, but not low, doses of AngII. It is possible that high doses of AngII engage a pressor response that provides additional inhibitory feedback on fluid intake (Evered et al., 1988; Robinson and Evered, 1987) , and this concomitant effect of AngII is affected by body weight. Consistent with this, females are less sensitive to the pressor response of AngII (Xue et al., 2013) , which might explain why body weight was not predictive of intake in females in the present study. Future studies will be needed to address each of these issues.
To adequately factor in the difference in body weight between males and females we generated an equation based on the regression analysis to normalize intake after treatment with 100 ng AngII. The equation took into account two factors that were generated from the regression lines between body weight and water intake after 100 ng AngII-treatment. First, we accounted for the slope difference between water intake and body weight, which was greater in males, than females. Next, we accounted for the difference in the Y intercept (baseline) between the male and female regression lines, which was higher in females, than males. This generated an equation that was used to normalize female water intake after 100 ng AngII-treatment. Intake after treatment with 10 and 50 ng AngII was not corrected because there was not a significant relationship between intake and body weight at these doses. The corrections resulted in a slightly lower water intake value for females and, again, ANOVA revealed that after 10, 50, and 100 ng AngII-treatment, females drank less water than did males. This provides additional support for to the conclusion of Jonklaas and Buggy, who reported intake to be greater in males than it was in females (Jonklaas and Buggy, 1984) . Estrous females drink less water than males in response to elevated AngII levels. AngII-stimulated water intake varies across the estrous cycle, reaching the nadir during estrus, when the females in this experiment were tested (Danielsen and Buggy, 1980) . Therefore, it is possible that the sex difference in water intake disappears when females are in diestrus or proestrus. This would suggest that the sex difference is mediated by a phasic effect of ovarian hormones which our experiment was not designed to detect, and hence, is a limitation of the current study. Future studies will be needed to address this issue, which will be a first step in determining if the sex difference is mediated by activational, organizational, or a combination of activational and organizational effects of gonadal hormones. Furthermore, although body weight does play a role in mediating water intake, this is dose-and sex-dependent. Simply correcting for differences in body weights between males and females is not adequate and it is likely that future studies comparing fluid intake between the sexes will need to determine an appropriate correction based on the strength of the dipsogen.
Our decision to normalize data using body weight is worthy of discussion. This decision was based on several factors, most importantly a desire to be consistent with previous studies that explored the effect of sex on AngII-stimulated intake. This was an important consideration because we designed the experiments in part to determine if normalizing by body weight or not normalizing could account for some of the differences observed in the literature. Although our findings show that weight is one of several factors to consider when comparing intake values between sexes, there are other weight-related factors that we did not consider. For instance, our measures did not account for potential contributions of lean versus non-lean mass ratios. Although this is a limitation of our study, it is notable that previous studies found no differences between lean: non-lean ratios between three and eight month animals (Wolden-Hanson et al., 1999) , and that the percent of lean body mass does not differ between male and female rats at six months of age, when maintained on a standard diet (Engelbregt et al., 2004) . Given that the ages of the rats in these reports include the age of rats in our studies, we remain confident that body weight is an appropriate way to normalize intake.
In addition to stimulating water intake, AngII increases saline intake, which also is affected by sex. In the present two-bottle test we, again, found that males consumed more water than did females, but saline and total fluid intake (calculated as the sum of water and saline) were not different between the sexes. Females, however, had a greater preference for saline, compared to male rats. This is not surprising because previous reports demonstrate that females show a stronger saline preference during ab libitum intake (Flynn et al., 1993; Krecek, 1973) , a sex difference that is mediated by organizational effects of gonadal hormones (Krecek et al., 1972) . Sex differences in drinking microstructure in response to AngII, however, have not been explored until now.
In the present studies we used analysis of licking microstructure to provide insight into the nature of the feedback that contributes to the observed sex difference. This is a useful approach that can help identify behavioral differences that contribute to overall differences in intake. The conclusions drawn from this approach are largely based on work by Davis and colleagues who demonstrated that altering the palatability of a solution changed the size of the licking bursts for a solution, whereas altering postingestive feedback via sham feeding changed the number of bursts for a solution (Davis, 1989; Davis et al., 1999) . Here, we found that females had fewer bursts for water, but equivalent burst sizes, compared to males. This suggests that the lower water intake was driven, not by a shift in palatability, but by an increase in negative postingestive feedback, i.e. females are more sensitive to the postingestive feedback during water consumption. In addition to the analysis of water intake, we also examined licking patterns for saline and found that the number of bursts for saline was not differentially affected by sex, nor did we find differences in burst size. Accordingly, postingestive feedback appears to contribute to the sex difference in water intake, but we found no reliable changes in drinking microstructure that accounted for the greater preference for saline in females. Analysis of bottle switches, however, showed that females made significantly more switches between bottles compared to males. The different pattern of switching was accompanied by a different overall pattern of intake in which males consumed more water than saline during the first 10 min of the test, but females drank equivalent amounts of water and saline during the same time. These different patterns led to different final concentration of saline consumed by males and females. Specifically, the final concentration of saline consumed during the test was 0.7% in females and 0.4% in males. This difference in concentration is consistent with findings from previous studies showing that females find salt less aversive than do males (Curtis and Contreras, 2006; Flynn et al., 1993) . Future studies are needed, however, to determine if sex differences in saline preference affect drinking patterns, or if sex differences in drinking pattern lead to the observed differences in saline preference. Nevertheless, the present studies complement previous work showing sex differences in fluid intake after a number of dipsogenic/natriorexigenic stimuli (Santollo and Daniels, 2015b) , by providing the first report, to our knowledge, of sex differences in licking microstructure.
In discrete brain nuclei, specific enzymes in the RAS pathway were lower in young animals and females, which could mediate the protective effects youth and being female have on hypertension. Renin is necessary for the conversion of angiotensinogen to angiotensin I and we found lower renin expression in the NTS in females, compared to males. ACE1 is necessary for the conversion of angiotensin I to angiotensin II. We detected lower ACE1 expression in the PVN in young males, compared to older males and females. Two additional differences were observed which may reflect a combined effect of sex and age. In the AV3V females had lower ACE1 compared to age-matched, but not body weight-matched, males. In addition, in the PVN females had lower ACE2, the enzyme necessary for converting angiotensin II to angiotensin 1-7, compared to age-matched, but not body weightmatched, males. To fully identify an interaction between age and sex on expression of these genes, body weight matched females is necessary. Unfortunately, the blunted growth curve in females, compared to males (Bell and Zucker, 1971) , makes this impossible without the introduction of confounding variables (such as ovariectomy or high fat diet) to exacerbate body weight in females. Youth and sex (female) appear protective against hypertension (Blenck et al., 2016; Writing Group et al., 2016) and hypertension can be caused by higher levels of circulating AngII. Therefore, lower levels of the enzymes in the RAS pathway in females could give rise to lower AngII, providing a protective, functional significance for these differences. Sex differences in RAS components in peripheral tissues are consistent with this sex differences. For example, cardiac tissue from males has higher levels of ACE1 than is found in tissue from females (Freshour et al., 2002) , and renal angiotensinogen levels are higher in males than in females (Ellison et al., 1989) . Our data extend these findings to reveal the novel finding that RAS components in the brain also differ as a function of sex. Although others have failed to detect sex differences in RAS components centrally (Freshour et al., 2002) , this was likely because whole brains were examined, rather than the discrete nuclei examined here. It is unclear why only specific brain regions showed sex-and age-related differences for specific enzymes. Future studies will be necessary to elucidate this issue.
Conclusions
For thorough understanding of both the physiological and behavioral effects of the RAS, it is critical to investigate how sex affects this system. As is true with many behaviors and physiological functions, there is a paucity in the number of reports describing how fluid intake differs between males and females. We hope this will change, and that the new NIH initiative to balance sex in biomedical research (Clayton and Collins, 2014) will help facilitate this change. The lack of information about how the sexes differ under baseline conditions may, however, confound interpretation of data. For example, until the present report, there was little guidance regarding whether or how to account for differences in body weight when interpreting fluid intake between the sexes. We show here that that multiple factors need to be considered when drawing conclusions from these comparisons. We therefore, encourage other investigators, particularly those who study ingestive behaviors, to understand how body weight may affect their output measures when incorporating females into their experimental design. As highlighted here, sex differences in opposite directions can be observed depending on how the investigators account for differences in body weight.
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